Moreover, muttidisciplinary problems such as moving-boundary or fluid-structure interaction problems become more relevant as the accuracy of the solution to the real-world application has becomes more demanding than ever before. numerically stable and comparable with Yee's total variation diminishing (TVD) method [9] in terms of accuracy.
On the other hand, moving-boundary problems or fluid-structure interaction problems are the cases where the structure interacts with its surrounding fluid through the movement of its boundaries or the shape and location of the original structue changes due to the effect of the fluid flow. Some examples are rotating Propellers, wing flutter, parachute openings, flapping wings, accelerating aircraft or cars, reciprocating engines, vibration of suspension bridges, pulsating blood vessels, etc. Some movements of the boundary are relatively small, but when they undergo large displacements, rotations, or deformations, the effects offluid-structure interaction cannot be ignored. The need to solve such flow problems using dynamic mesh has attracted many researchers to develop various kinds ofmoving-grid-interpolation techniques, and one ofthem is the arbitrary Lagrangian-Eulerian (ALE) method [0] . The 
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In Eq. (8), the constant o is chosen typically about 0.01, whereas 4 is chosen appropriately between 0.05 and 0.2, depending on the problem being solved [4, 7] . For the sake of simplicity, ais set as 0.01 and 4 is chosen as 0.I for all problems investigated in this study. If the problem being solved involves high temperature gradients, such as in high-speed flows, the P6clet number can be used instead of the Reynolds number.
As a result, changing implicitness parameters s, and s6 in Eq. (6) into FDV parameters through Eq. (7) Ati udo'l'-' : -flo,orr, ' +3rr, i*Ir)n-, 
Equation (17) (24) To solve the linear system of Eq. (24), we used an iterative method: the restart general minimal residual (restart GMRES) algorithm [24] . In addition, restart GMRES is combined with the left-block GaussSeidel preconditioner [25 ] to accelerate the convergence of solutions.
Although other preconditioners that converge faster exist, the GaussSeidel preconditioner was chosen because it is relatively simple.
III. Results and Discussions

A. FreestreamPreservation
To verify whether the ALE-FDV method satisfied the GCL, we conducted a freestream preservation test on a mesh that deformed like a wave, as depicted in Fig. 2 . The mesh is a square domain with a size of I x I unit squared, and as shown in Fig. 2a (26) results show that the ALE-FDV method has errors around 10-15, which is closed to machine zero for double-precision computation.
Therefore, freestream preservation is achieved, and the ALE-FDV method is verified to be GCl-compliant.
B. Propagating Isentropic Vortex
The accuracy ofthe proposed ALE-FDV method for a deformable mesh is verified by the FADHLI. OMAR. AND ASRAR -Uur)2 a (x, -Votl2 r= (27) The exact solutions are then given by (28) tindon [28] Fig. 3 . On the otherhand, as shown in Fig.4 , the vortex as depicted by the density contour for the triangular mesh Gig. ab) qualitatively preserves its shape better than the vortex in a quadrilateral mesh (Fig. 4a) [23] has been used to approximate the inviscid flux. Figure 6 shows the instantaneous pressue contour around the airfoil at several angles of attack. The strength of the shock wave decreased, and its location shifted from the lower to the upper surface as the airfoil pitches up, qualitatively similar to the results shown by Murman et al. [29] .
As shown in Fig. 7 , the hysteresis of the lift coeffrcient obtained by the present method is in good agreement with the numerical solutions reportedby Venkatakrishnan and Mavriplis [30] and Schneiders etal. [31] butlack agreement with the experimental results of Landon [28j.
The discrepancy between numerical and experimental data is perhaps due to the viscous effect of the flow in the experiment. Mohaghegh and Jafarian [32] The vorticity profile at 44 deg angle of attack obtained by the proposed method is shown in Fig. 9a. As a comparison, Fig. 9b Information on all meshes is summarized in Table 2 . x---'-'--'-"""*"x""-':-l----------*.x applications, motivated by an interest to extend its capability to complex fluid-structure interaction, and the formulation is discretized using vertex-centered finite-volume method. Comparisons of the flowfield obtained using the medium-sized cells with the results of Sen et al. [35] are shown in Fig. 10 for a : 1.0 and Fig. 71 for ro: 3.0. Overall, both results agree qualitatively. However, one can see some minor differences, such as at t : 8.0 in Fig. 10 , where the utmost right vortex is weaker' and at t : 1.5 in Fig. 11 Fig. 12 .
Next, we compare the results of the case of ar : 1.0 with the results obtained using the coarse mesh and the fine mesh. As shown in Fig. 13 , the coarse mesh and fine mesh gave a similar pattem of flowfield, with the results of the medium-sized mesh shown in Fig. 10b , indicating that all meshes gave consistent results. Figure 14 shows plot ofthe averaged lift coefficient c1 and the drag coefficient 
